The Psychosis Proneness Scales developed by the Chapmans and colleagues [Chapman, J.P., Chapman, L.J., Kwapil, T.R. Scales for the measurement of schizotypy. In: Raine., A., Lencz, T., Mednick, S.A., (Eds.). Schizotypal Personality. New York: Cambridge University Press, 1995. pp. 79-109] are widely used to identify non-patient individuals who are hypothesized to possess heightened vulnerability to schizophrenia and related psychopathology. Yet surprisingly little is known about whether schizophrenia patients themselves show abnormalities on these scales across different clinical states, as would be expected for vulnerability indicators. Scores on four of the Psychosis Proneness Scales were evaluated at three assessment points over a 15-month period in healthy controls (n = 54) and in recent-onset schizophrenia patients (n = 72) who experienced symptom fluctuations across assessments. Patients showed steady elevations on the Physical Anhedonia Scale across time and clinical state, consistent with a stable vulnerability indicator. Patients had higher scores on the Perceptual Aberration and Magical Ideation Scales than controls throughout the follow-up period but scores also changed across clinical states, consistent with a mediating vulnerability indicator. Patients had higher scores on the Impulsive Non-Conformity Scale than controls only during a psychotic state, reflecting an episode indicator. The longitudinal characteristics of these scales in people who are actually diagnosed with schizophrenia provide key evidence for the validity of three commonly used psychometric indicators of vulnerability to psychosis.
Introduction
Vulnerability indicators for schizophrenia refer to anomalous traits that are present prior to, during, and following periods of clinical symptom exacerbations (Nuechterlein and Dawson, 1984; Nuechterlein et al., 1992) . They are presumed to reflect on-going proneness to develop the symptoms of schizophrenia and are thus believed to be more central to core etiological processes than clinical symptoms themselves. The concept of vulnerability factor is closely related to that of an "intermediate endophenotype" (Gottesman and Gould, 2003) , although the concept of vulnerability has sometimes been associated with a somewhat broader range of causal factors, including genetic influences as well as neurodevelopmental and other environmental factors (Nuechterlein, 1990) . Candidate vulnerability indicators include certain basic neurophysiological and information processing anomalies, as well as subjective experiences or overt behaviors that may be less severe variants of characteristic clinical symptoms of schizophrenia. This report focuses on the latter level of analysis by longitudinally evaluating whether widely used "Psychosis Proneness" Scales display the characteristics of vulnerability indicators in recent-onset schizophrenia patients.
Based largely upon Meehl's (1962) theory of schizotypy, the Chapmans and their colleagues developed five self-report scales to assess a broad range of experiential and behavioral features of schizotypy, a personality organization proposed to reflect vulnerability to schizophrenia or, more generally, psychosis-proneness (Chapman et al., 1995) . The Perceptual Aberration Scale (PerAb) and the Magical Ideation Scale (MagId) measure aspects of positive schizotypy, including distorted perceptions of one's own body and of other objects, and a tendency to accept unconventional forms of causality. The Revised Social Anhedonia Scale (SocAnh) and the Physical Anhedonia Scale (PhysAnh) assess aspects of negative schizotypy, including diminished experience of pleasure from social and physical stimuli. Finally, the Impulsive Non-Conformity Scale (ImpNon) measures impulsivity and failure to conform to social expectations about the rights of others. These scales have been used in varying degrees across the hypothesized spectrum of schizophrenia-related psychopathology.
The primary use of the Psychosis Proneness Scales has been to identify putatively schizotypal individuals in nonclinical samples. Individuals with elevated scores on the PerAb, MagId, SocAnh, and PhysAnh demonstrate psychological, neurocognitive, and psychophysiological disturbances resembling those of schizophrenia patients, while the presence of such disturbances is less clear in individuals with elevated ImpNon (Edell, 1995; Fernandes and Miller, 1995; Horan et al., 2004) . In the few prospective studies, PerAb and MagId predicted the development of symptoms of psychotic as well as other psychiatric disorders (Chapman et al., 1994; Gooding et al., 2005) , SocAnh more specifically predicted symptoms of schizophrenia spectrum disorders (Gooding et al., 2005; Kwapil, 1998) , and PhysAnh and ImpNon did not predict later psychosis (Chapman et al., 1994) .
The status of these scales as vulnerability indictors has been directly evaluated in studies of unaffected biological relatives of schizophrenia patients and, to a very limited extent, in individuals who themselves have schizophrenia spectrum personality disorders (schizotypal, schizoid, and paranoid personality disorders) or schizophrenia. In biological relatives, elevations have most commonly been reported for PhysAnh and SocAnh (Edell, 1995; Horan et al., 2006a) . PerAb and MagId have typically not shown elevations in biological relatives ( (Edell, 1995) but see (Lenzenweger and Loranger, 1989) ). To our knowledge, no published reports have examined ImpNon in biological family members. The scant research in patients diagnosed with schizophrenia spectrum personality disorders suggests cross-sectional elevations on the Psychosis Proneness Scales ( (Camisa et al., 2005; Thaker et al., 1993) ; also see (Bailey et al., 1993) ), though their specificity to these disorders is unclear.
Given the intent of the Psychosis Proneness Scales to measure traits associated with vulnerability to schizophrenia, it is somewhat surprising that so few studies have examined them in individuals who are actually diagnosed with schizophrenia spectrum disorders. It is true that these scales were developed primarily for use in non-clinical samples, yet all definitions of vulnerability factors indicate that abnormalities should be present both prior to and following the emergence of clinical symptoms. Thus, if the scales are indeed valid vulnerability indicators, abnormalities should be detectable across time and clinical symptom status in people who meet diagnostic criteria for spectrum disorders. Nuechterlein and Dawson (1984) delineated two criteria for evaluating candidate vulnerability indicators in schizophrenia patients: 1) patients should show abnormality from the general population, and 2) continued abnormality should be present throughout both symptomatic and asymptomatic periods. Studies of these scales in schizophrenia patients have been almost exclusively cross-sectional and therefore address only the first criterion. Patients have repeatedly shown elevated PhysAnh and SocAnh (Horan et al., 2006c) and less frequently, but consistently, elevated PerAb (Edell, 1995) . The remaining scales have been examined much less frequently, though elevated MagId (George and Neufeld, 1987) and ImpNon (Chapman et al., 1984) have been reported in inpatient samples.
To evaluate the second criterion for a vulnerability indicator, it is essential to study schizophrenia patients longitudinally across different clinical states. To distinguish among indicators that reflect traits, clinical state, or combinations of traits and states, Nuechterlein and Dawson (1984) proposed the following tripartite model:
1. Stable vulnerability indicators refer to abnormalities that are highly stable and independent of symptom fluctuations. This pattern would be expected for traits that are linked to vulnerability and not directly linked to development of psychotic episodes.
2. Mediating vulnerability factors are abnormalities that are present during symptomatic and asymptomatic states, but are more deviant during and possibly somewhat before symptomatic periods. These vulnerability factors are more likely to be involved in subclinical processes leading to formation of clinical symptoms than stable vulnerability indicators. 3. Episode indicators, on the other hand, are abnormal during symptomatic periods and normalize in remitting periods, and therefore reflect clinical state rather than enduring characteristics associated with proneness to schizophrenia.
To date, only the PhysAnh and SocAnh have been evaluated longitudinally in schizophrenia patients. During the more chronic stages of the illness, scores on PhysAnh and or SocAnh show good temporal stability across periods of three-months to 20 years (Blanchard et al., 1998; Herbener and Harrow 2002; Herbener et al., 2005) and across acutely symptomatic versus remitted states (in contrast to state-related changes found in depressed patients (Blanchard et al., 2001) ). These findings suggest that anhedonia reflects an enduring trait in schizophrenia, at least among chronically ill patients.
This 15-month study evaluated scores on four Psychosis Proneness Scales (PhysAnh, PerAb, MagId, ImpNon) at three time points in recent-onset patients and in healthy controls. The fluctuating early stage of schizophrenia, which includes periods of full remission more frequently than later stages of the illness (Nuechterlein et al., 2006) , provides an excellent opportunity to clarify the extent to which candidate vulnerability indicators represent state or trait phenomena, and minimizes confounds associated with prior treatment or chronicity. Based on the evidence reviewed above, we expected that PhysAnh would demonstrate the characteristics of a stable vulnerability indicator and that ImpNon would reflect an episode indicator. We also expected that PerAb and MagId would demonstrate characteristics of vulnerability indicators, but we did not have strong predictions as to whether they would more likely reflect stable or mediating vulnerability factors.
Methods

Overview
Participants included 72 patients and 54 non-psychiatric controls from Sample 1 of the Developmental Processes in Schizophrenic Disorders project (Nuechterlein et al., 1992) , a two-phase longitudinal study of schizophrenia patients who had recently (within 2 years) had a first episode of psychosis. This report focuses on Phase 1 of the project during which patients completed major testing batteries at three standardized time points: Assessment 0, psychotic period at study entry; Assessment 1, following an outpatient medication stabilization period of approximately 3 months; Assessment 2, at the conclusion of a 1 year followthrough period during which patients received injectable antipsychotic medication [standardized starting dosage of 12.5 mg fluphenazine (Prolixin) decanoate every 2 weeks] and psychosocial treatment. During the follow-through period, the medication dosage was increased if significant symptoms returned or reduced if intolerable side effects occurred, and patients were treated with adjunctive medications (e.g. antidepressants) as dictated by clinical need. At each assessment, patients completed clinical symptom assessments and the Psychosis Proneness Scales. Healthy controls were administered three major test batteries that included the Psychosis Proneness Scales at the same time intervals as the patient sample.
Participants
All patients met Research Diagnostic Criteria (Spitzer et al., 1978) for schizophrenia or schizoaffective, mainly schizophrenic subtype, as well as criteria for schizophrenia, schizophreniform disorder, or schizoaffective disorder of the Diagnostic and Statistical Manual of Mental Disorders, Third Edition (DSM-III; (American Psychiatric Assocaition, 1987) ) as determined by an expanded version of the Present State Examination (Wing et al., 1974) . Additional inclusion criteria for patients included: a recent onset of a psychotic disorder with symptoms lasting at least 2 weeks and a first psychotic episode starting not more than 2 years before project entry; age 18 to 45 years; Anglo-American, Native American, or acculturated Hispanic or Asian background (including fluency in English).
Controls met the following inclusion criteria: age 18 to 45 years, no evidence of schizophrenia spectrum disorder or major mood disorders based on an expanded PSE adapted for a lifetime perspective; Sc scale on the Minnesota Multiphasic Personality Inventory (Hathaway and McKinley, 1967) within normal limits; self-report of no prior treatment for psychiatric disorder; no evidence of a first degree relative having been treated for a major psychotic, mood, or substance use disorder; AngloAmerican, Native American, or acculturated Hispanic or Asian background (including fluency in English). Exclusion criteria for both groups were: evidence of organic central nervous system disorder (e.g. epilepsy, encephalitis); evidence of significant and habitual drug abuse or alcoholism in the previous 6-month period; mental retardation (i.e. premorbid IQ less than 70).
Demographic data are presented in Table 1 . The groups did not differ in age, ethnicity, marital status, or sex. Patients had less education than controls, t(124) =2.72, p b 0.01, but the groups did not differ in parental education levels. Individuals in the patient group were young adults with a typical age of onset, were primarily living in the community outside of institutional settings, and had a very low rate of re-hospitalization during the study period.
Measures
Clinical symptoms
At each assessment, patients were rated on the expanded 18-item UCLA version of the Brief Psychiatric Rating Scale (BPRS; (Lukoff et al., 1986; Overall and Gorham, 1962) ) by a trained rater who was also the patient's case manager. Each BPRS rater achieved a median intraclass correlation coefficient of 0.80 or higher across all items compared with the criterion ratings (Ventura et al., 1993) . Each item is rated on a scale ranging from 1 (not present) to 7 (extremely severe). Following established procedures (Guy, 1976) , an 18-item total score (possible score range: 18-128) and the following five empirically derived subscales scores (based on the mean rating of the items in parentheses) were calculated: Thought disturbance (Conceptual disorganization, Grandiosity, Hallucinatory behavior, Unusual thought content, Bizarre behavior), Anxiety/Depression (Somatic concern, Anxiety, Guilt feelings, Depressive mood, Suicidality), Anergia (Emotional withdrawal, Motor retardation, Blunted affect, Disorientation, Self-neglect), Hostility (Hostility, Suspiciousness, Uncooperativeness), Activation (Tension, Mannerism and posturing, Excitement).
Psychosis Proneness Scales
At each assessment, all participants completed four of the five true-false, self-report Psychosis Proneness Scales. Unfortunately, SocAnh was not administered in this study due to prevailing beliefs at the time this study was initiated that the PhysAnh was a more promising indicator of vulnerability (Chapman et al., 1976) and to reduce the assessment burden on patients. PhysAnh typically correlates in the moderate range with SocAnh in non-clinical (Edell, 1995) and schizophrenia samples (Blanchard et al., 1998) .
The Revised Physical Anhedonia Scale (PhysAnh; (Chapman and Chapman, 1978) ) is a 61-item scale that inquires about the sensory and aesthetic pleasures of eating, touching, feeling, sex, temperature, movement, smell, sight, and sound. The Perceptual Aberration Scale (PerAb; (Chapman et al., 1978a,b) ) is a 35-item scale comprised of 28 items designed to tap gross distortions in the perception of one's own body and 7 items for other perceptual distortions. The 30-item Magical Ideation Scale (MIS; (Eckblad and Chapman, 1983) ) inquires about beliefs in superstitious or magical forms of causation that are regarded as invalid by conventional standards. Finally, the Impulsive Nonconformity Scale (ImpNon; (Chapman et al., 1984) ) consists of 51-items designed to tap a failure of incorporation of societal norms, a lack of empathy for the pain of others, and an unrestrained yielding to impulse and selfgratification. An extensive body of research has documented the reliability of the Chapman scales and reviews of this literature can be found elsewhere (Chapman et al., 1995; Edell, 1995) . Items from all four scales, as well as the Chapman Infrequency Scale , were interspersed in a single questionnaire. Scales with infrequency scores of three or greater were excluded from analyses.
In the patient group, there were 72 valid Psychosis Proneness Scales at Assessment 0, 69 (2 invalid, 1 not completed) at Assessment 1, and 59 at Assessment 2 (3 invalid, 10 not completed). There were no significant differences between patients who did or did not complete Assessment 2 on any demographic demographics or on symptom ratings at Assessments 0 or 1. For controls, there were 54 valid Psychosis Proneness Scales at Assessment 0, 54 at Assessment 1, and 48 at Assessment 2. There were no significant differences between controls who did or did not complete Assessment 2 on any demographic characteristics. Internal consistency estimates (coefficient alpha) were .75 or greater for all of the Scales in both groups.
Data analysis
Two complementary data analytic strategies were used. In the first strategy, all available data points across Table 1 Demographic information for the schizophrenia (n = 72) and control (n = 54) groups
Schizophrenia Controls
Age at study entry (mean, SD) 23.4 (4.6) 24.0 (3.9) Sex (% male) 80% 81% Ethnicity (% Caucasian) 90% 90% Education (mean, SD) 12.4 (2.1) 13.3 (1.6) Parental education (mean, SD) 14.5 (2.6) 14.9 (2.9) Marital status (% never married) 90% 90% Living situation (%) Independent or with family 91% 100% Board and care facility 9% -Age of onset (mean, SD) 22.2 (4.6) -Re-hospitalized during follow-through (%) 3% -the three assessments were used in a series of random effects multilevel modeling regression analyses (MLM; using HLM-6.02 (Raudenbush et al., 2000) ). The advantages of MLM for examining longitudinal data with a hierarchical structural (e.g., testing occasions nested within subjects) have been described elsewhere (for in-depth treatments see (Nezlek, 2001; Raudenbush and Bryk, 2002; Reise and Duan, 1999) ). A key advantage is that MLM explicitly accounts for the nonindependence of such data by simultaneously modeling both within-subject variance components (level-1 or "occasion-level") and between-subjects variance components (level-2 or "subject-level"). In the current research context, the within-subjects variance reflects how much each subject's scores fluctuate around his/her own overall mean score from occasion-to-occasion. For example, a variable such as height would have little variation across occasions, whereas a variable like mood would be expected to show significant variation within a person over time. In contrast, the between-subjects variance reflects how much the overall mean scores of individuals across occasions differ from subject-tosubject. In other words, to what extent does a variable reflect stable individual differences? The MLM analyses assessed three main issues to determine the type of indicator that each of the Psychosis Proneness Scales reflected. First, we evaluated the extent to which BPRS symptom ratings (in patients only) and scores on the Psychosis Proneness Scales (in both groups) measured trait-like individual differences. This was accomplished by computing the intraclass coefficient (ICC, range 0.0-1.0) for each scale, which indexes the proportion of between-subjects or trait-like variance to total variance. As the ICC increases, this indicates that the relative ordering of subjects remains more stable across assessments (i.e., a person who is relatively high on a scale at Occasion 0 is also relatively high at Occasions 1 and 2). Low ICC's indicate that a variable is more state-like, such that the relative ordering of people changes across occasions. Second, we evaluated whether the patient and control groups differed on the Psychosis Proneness Scales at baseline and across testing occasions. This was done by evaluating intercept (i.e., mean scores at Occasion 0) and slope differences between the groups on each scale. The slopes in MLM analyses are reflected in regression coefficients, whose statistical significance and magnitude are evaluated similarly to unstandardized beta weights in typical regression analyses. Third, within the patient group, we evaluated whether changes on the Psychosis Proneness Scales across occasions were associated with concurrent changes in BPRS symptom ratings by examining the covariance between scores on the these measures.
A stable vulnerability indicator would be expected to demonstrate a substantial between-subjects (i.e., traitlike) variance component, elevated scores in patients at baseline that persist across assessments, and low, if any, covariation with psychotic symptoms. A mediating vulnerability factor would still have a notable betweensubjects (trait-like) variance component, elevated scores in patients at baseline that persist across assessments, and moderate covariation with psychotic symptoms. Finally, an episode indicator would be expected to show elevated scores in patients at baseline that decrease to normal levels at subsequent assessments, and moderate to high covariation with psychotic symptoms (the issue of traitlike variance is not central to this type of indicator).
Some of the schizophrenia patients did not achieve a full remission of symptoms after the baseline assessment. It is therefore possible that any elevations on the Psychosis Proneness Scales in the patients at later assessments could merely reflect persistent psychotic symptoms. To address this possibility, a complementary data analytic approach evaluated the stability of scores between the first two assessment points in a subset of patients who satisfied stringent operational criteria for being in an acutely psychotic state at Assessment 0 followed by full clinical remission at Assessment 1 (i.e., the end of the medication stabilization period). Following established procedures (Nuechterlein et al., 2006) , a psychotic state was defined as being rated 4 or greater on one or more of the BPRS Thinking Disturbance factor items (Unusual thought content, Hallucinations, Conceptual disorganization). Clinical remission was defined as being rated in the non-pathological range (3 or less) on all of the standard 18 items of the BPRS for at least one month. Scores on the Psychosis Proneness Scales were evaluated in this subset of patients using 2 (group: Patients versus Controls) × 2 (Assessment: 0 versus 1) Repeated-Measures ANOVA's.
Results
Multilevel modeling analyses
3.1.1. Documentation of symptom changes in the schizophrenia group
The schizophrenia group's mean ratings on the BPRS subscales at each assessment are presented graphically in Fig. 1 . Means on the total BPRS scores (sum across all 18 items) at each assessment were: Assessment 0: 36.8 (SD = 10.4); Assessment 1: 26.7 (SD = 7.7); Assessment 2: 27.94 (SD = 8.6).
We first evaluated the extent to which ratings on the BPRS reflect fluctuating, within-subject variance versus stable, between-subjects variance within the schizophrenia group. A series of total unconditional multilevel models that used each BPRS subscale as an outcome variable enabled us to calculate ICC's for each scale. The ICC's were both extremely low for Thinking Disturbance and Total BPRS scores at .01, indicating that the variance is almost entirely within-subject. The ICC's were also quite low for Anxiety/Depression: .12, Hostility: .20, and Activation: .16. Thus, with the exception of the Anergia subscale, for which about half of the variance reflected between-subjects variance (ICC = .48), the BPRS subscales primarily measured state-related variance.
We then evaluated whether the patients' mean BPRS ratings at Assessments 1 and 2 significantly differed from initial ratings at Assessment 0. A series of conditional models used each BPRS subscale as an outcome variable with two time factors entered as level-1 predictors. The time factors were dummy coded variables that reflected contrasts between the means at Assessments 0 versus 1, and at Assessments 0 versus 2. As summarized in Table 2 , the intercepts for all of the BPRS subscales were significantly greater than zero, reflecting the acutely symptomatic status of patients at Assessment 0. With the exception of a non-significant difference between Anergia scores from Assessment 0 to Assessment 2, mean scores on each of the BPRS subscale scores was lower at Assessments 1 and 2 as compared to Assessment 0, indicating that symptoms significantly decreased after the baseline assessment.
Stability of the Psychosis Proneness Scales in patients and controls
The next set of analyses evaluated the variance components for the Psychosis Proneness Scales separately in each group. In the control group, the ICC's were: PhysAnh = .76; ImpNon = .84; PerAb = .70; MagId = .83, indicating that most of the variance on these scales reflected trait-like, between-subject differences.
In the schizophrenia group, the ICC's were more variable: PhysAnh = .67; ImpNon = .66; PerAb = .32; MagId = .53. While the patients' ICC's for PhysAnh and ImpNon are somewhat lower than controls they are still quite substantial, with about two-thirds of their variance reflecting stable between-subject differences. About half of the variance in MagId scores reflected between-subjects variance, which is also substantial albeit lower than controls. However, most of the variance in Fig. 1 . BPRS subscale ratings across assessments. PerAb reflected within-subject changes, though its ICC is larger than most of those found for the BPRS subscales reported above.
Group differences on the Psychosis Proneness Scales
Group means on the Psychosis Proneness Scales are presented graphically in Fig. 2 . Baseline differences and longitudinal changes in mean scores were evaluated with a series of conditional models that used each of the Psychosis Proneness Scales as an outcome variable, a Time factor (Assessment 0, 1, 2) as a level-1 predictor, and Group as a level-2 predictor. In addition, a Group × Time interaction term was included in the models to evaluate whether group membership was associated with different slopes on the Psychosis Proneness Scales.
As shown in Table 3 , the group effect was significant for each scale, indicating that patients had higher mean scores than controls at Assessment 0 on all four scales. For PhysAnh, neither the Time nor the Group × Time factors were significant, indicating that the between group differences at Assessment 0 remained stable across the subsequent assessments. This pattern, in conjunction with the Scale's relatively high ICC's for both groups, is characteristic of a stable vulnerability indicator.
In contrast, the Time and the Group × Time factors were significant for the remaining scales, indicating that scores in the patient group significantly decreased while scores in the control group remained stable across the subsequent assessments. For ImpNon, the patient group did not significantly differ from controls by Assessment 2 (independent samples t-test at Assessment 2 (df =104)= indicates, within subjects, the extent to which scores change from Occasion 0 to Occasions 1 and 2; β 01 indicates the degree to which the mean score in the patient group differs from the mean score in the control group at Occasion 0; The interaction term, β 11 , indicates the extent to which mean differences between the groups differ across occasions. Level-1 and level-2 predictors were uncentered. ⁎⁎⁎ p b .005; ⁎⁎⁎⁎ p b .001.
p b .05) at Assessment 2. This pattern is characteristic of mediating vulnerability factors.
Covariation of Psychosis Proneness Scales and symptoms in the schizophrenia group
The final stage of MLM analyses assessed whether scores on the Psychosis Proneness Scales significantly covaried with symptoms at within-subject and betweensubject levels in the patient group. BPRS subscales were used as outcome variables with each Psychosis Proneness Scales simultaneously entered as a level-1 and a level-2 predictor variable. At the within-subject level (level-1), this addresses the question, "Do scores on the Psychosis Proneness Scales significantly covary with BPRS symptoms from occasion-to-occasion?" At the between-subjects level (level-2), this addresses the question, "Are patients' overall mean scores across all three assessments on the Psychosis Proneness Scales associated with overall mean scores on the BPRS scales?".
As shown in Table 4 , the Psychosis Proneness Scales differed in their patterns of covariation with symptoms at the within-subject level. PhysAnh showed a selective pattern of covariation with BPRS Anergia. In contrast, the ImpNon, PerAb, and MagId significantly covaried with BPRS Total Scores, Thinking Disturbance, and Hostility ratings, and, to a lesser extent, with Anxiety/Depression and Anergia ratings. Thus, these three scales were more sensitive to changes in psychotic and general psychiatric symptoms from occasion-to-occasion than PhysAnh.
As shown in Table 5 , Psychosis Proneness Scales showed only one significant relationship with the BPRS subscales at the between-subjects level (i.e., means across assessments). Higher mean MagID scores were associated with higher mean scores on the BPRS Thought Disturbance scale. The other Psychosis Proneness Scales showed only a few trend-level relationships with symptoms. Overall, mean Psychosis Proneness Scales scores did not demonstrate selective patterns of association with different types of mean symptom levels, after accounting for the effects of within-subject variance 1 .
Psychosis Proneness Scales scores across BPRSdefined psychotic and remitted states
The second phase of analyses sought to corroborate the above findings by examining the stability of Psychosis Proneness Scales scores from Assessment 0 to Assessment 1 in a subset of patients who achieved full clinical remission by Assessment 1. According to the criteria described above, 35 patients experienced a psychotic state at Assessment 0 followed by symptom remission at Assessment 1. There were no significant differences on any demographic characteristics between this subset of 35 patients and the remaining 37 patients or the control group.
Group means for each of the Psychosis Proneness Scales are presented graphically in Fig. 3. For PhysAnh, there was a significant main effect for Group, F(1,85) = 6.39, p b .05, while the Assessment and Group × Assessment interaction effects were not significant (p's N .25). Patients showed similar elevations on PhysAnh compared to controls across both assessments, a pattern consistent with a stable vulnerability indicator.
For ImpNon, there were significant effects for Assessment, F =8.54, p b .005, and the Group × Assessment interaction, F =10.83, p b .001, while the main effect for Group was not significant, F = 2.40, p N .05, (all df = 1,85). Patients reported higher ImpNon than controls at Assessment 0 which decreased to normal levels by Assessment 1, consistent with an episode indicator.
The patterns of results for PerAb and MagId were similar to each other. For PerAb, there were significant effects for Group, F = 28.32, p b .001, Assessment, F = 16.75, p b .001, and the interaction of Group × Assessment, F = 11.38, p b .001 (all df = 1,85). For MagId, there were also significant effects for Group, F = 28.32, p b .001, Assessment, F = 25.36, p b .001, and the interaction of Group × Assessment, F = 20.23, p b .001 (all df = 1,85). On both scales, patients reported higher scores than controls at both assessments, while scores within the schizophrenia group were significantly higher during the symptomatic period at Assessment 0 than the remitted period at Assessment 1, patterns that are characteristic of mediating vulnerability factors.
Discussion
Across two complementary data analytic approaches, results provided clear and consistent evidence that PhysAnh scores in recent-onset schizophrenia patients 1 In light of previous findings that positive and negative schizotypy traits are typically not significantly related to each other in nonclinical samples (Horan et al. 2004) , we examined whether similar relationships exist in schizophrenia patients. In these analyses, each Psychosis Proneness Scales was used as an outcome variable with separate models that included each of the other three scales as both level-1 and level-2 predictors (e.g., PhysAnh = β 00 + β 01 (PerAb at each assessment) + β 10 (PerAb mean across assessments) + r 0 + e). The pattern of results was very clear and will only be summarized (full results available upon request). There were no significant or trendlevel associations between PhysAnh and any of the other Psychosis Proneness Scales at either the within-or between-subject level. In contrast, ImpNon, PerAb, and MagId were each highly and significantly associated with each other at both the within-and between-subject levels. Thus, PhysAnh demonstrated minimal associations with the other Psychosis Proneness scales. demonstrate characteristics of a stable vulnerability indicator, while PerAb and MagId scores reflect mediating vulnerability factors. ImpNon demonstrated characteristics of an episode indicator rather than a vulnerability indicator. These different patterns are highly consistent with studies in other clinical and high-risk samples, and provide key evidence for the validity of PhysAnh, PerAb, and MagId as indicators of vulnerability to schizophrenia. The differences in their longitudinal associations with psychotic symptoms suggest that these characteristics play different roles in the developmental processes that lead to psychotic symptoms.
The stable elevations in PhysAnh reported by the recent-onset patients converge with findings from chronically ill patients (Blanchard et al., 2001; Herbener and Harrow, 2002; Herbener et al., 2005) to suggest that elevated anhedonia is not merely attributable to factors associated with chronicity, such as prolonged exposure to antipsychotic medications or environmental deprivation. In addition, PhysAnh demonstrated minimal covariation with clinical symptoms and remained persistently elevated even in a subsample of patients who achieved a fully remitted state, consistent with prior reports that PhysAnh is relatively independent of symptom state (Blanchard et al., 1994; Katsanis et al., 1992) . Thus, anhedonia appears to be insensitive to clinical state fluctuations and present throughout the course of illness, similar to certain neurocognitive and neurophysiological deficits that have been identified as candidate endophenotypes for genetic studies of vulnerability to schizophrenia (Gur et al., 2007) .
Several additional lines of evidence from various high-risk populations are consistent with the notion that anhedonia demonstrates the expected characteristics of an intermediate endophenotype (Gottesman and Gould, 2003) . Anhedonia measured by the Psychosis Proneness Scales and conceptually related scales is a substantially heritable trait (Berenbaum and McGrew, 1993; Berenbaum et al., 1990; Kendler et al., 1991; Linney et al., 2003; MacDonald et al., 2001) , is elevated in subjects with schizotypal personality disorder (Camisa et al., 2005) , and specifically predicts the later development of schizophrenia spectrum disorders in psychometric highrisk samples (Gooding et al., 2005; Kwapil, 1998) . In addition, elevated anhedonia is frequently reported in patients' biological relatives Franke et al., 1993; Grove et al., 1991; Katsanis et al., 1990; Kendler et al., 1996) .
Although there is growing support for the notion that anhedonia and other emotion processing deficits reflect an intermediate endophenotype (Delawalla et al., 2006; Gur et al., 2007) , several issues require additional research.
Anhedonia and reward processing are complex, multifaceted constructs and further specification of the precise nature of the hedonic deficit in schizophrenia is needed. For example, it is not yet clear whether anhedonia in schizophrenia involves the appetitive or consummatory components of hedonic experience (Horan et al., 2006c) . In addition, not all schizophrenia patients experience substantial anhedonia. In the current sample, about half of the patients reported PhysAnh scores that were less than one standard deviation above the control group's mean at each assessment (52.8%, 52.2%, and 50.0%, respectively). It thus remains unclear if anhedonia is associated with vulnerability to a particular subtype of schizophrenia (Blanchard et al., 2005; Schurhoff et al., 2003) .
In contrast to the patients' stable elevations on the PhysAnh, the PerAb and MagId demonstrated the characteristics of mediating vulnerability indicators. That is, patients demonstrated abnormalities during symptomatic and asymptomatic states, but these were more deviant during symptomatic periods and significantly covaried with general psychotic, mood, and hostility symptoms across assessments (also see (Katsanis et al., 1992) . The key difference between stable and mediating vulnerability indicators is that the latter are believed to be more proximal in the chain of causal events that lead to symptom exacerbations than are stable vulnerability indicators. Mediating vulnerability indicators would be expected to worsen somewhat earlier than frank psychotic symptom exacerbations. For example, increases in nonspecific electrodermal activity precede clinical symptom exacerbations (Hazlett et al., 1997) . Thus, the current findings may help to clarify the roles of MagId and PerAb in the development of psychotic symptoms.
Evidence that elevations on the PerAb and MagId scales are associated with genetic vulnerability to schizophrenia per se is not as strong as for anhedonia. The traits measured by these and conceptually related scales appear to be substantially heritable (Berenbaum and McGrew, 1993; Jang et al., 2005; Linney et al., 2003) and these traits do appear in schizotypal personality disorder (Camisa et al., 2005) . However, while elevations on these scales are associated with later development of psychotic disorders in psychometric high-risk subjects, they also predict various mood and substance use disorders (Chapman et al., 1994; Gooding et al., 2005) . In addition, these scales are typically not elevated in patients' unaffected relatives Franke et al., 1993; Katsanis et al., 1990; Kendler et al., 1996) ; but see (Lenzenweger and Loranger, 1989) ). Thus, while some studies suggest that MagId and PerAb are associated with vulnerability to psychosis, it is less clear whether these traits are specifically related to vulnerability for schizophrenia.
This first longitudinal study of the Psychosis Proneness Scales in recent-onset schizophrenia has several methodological advantages. Assessing the stability of personality characteristics near the time of illness onset allows stronger inferences about the validity of vulnerability indicators than chronically ill patients (Nuechterlein et al., 1992) . All patients received a standardized psychosocial and pharmacological treatment package, which included an injectable form of antipsychotic medication that facilitated treatment compliance. In addition, strict operational criteria were used for defining symptomatic and remitted states in the analyses that focused on two specific clinical states. This study is limited by uncertainty about whether the first generation antipsychotic medication that patients were taking influenced their self-reports on the Psychosis Proneness Scales. Typical antipsychotics like fluphenazine have relatively high dopamine D 2 receptor occupancy (Kapur and Mam, 2003) and dopamine plays a critical role in certain aspects of hedonic experience and reward processing (Berridge and Robinson, 1998; Bressan and Crippa, 2005; Voruganti and Awad, 2004) . However, as noted above, the medicated patients in this study did not invariably report elevated anhedonia. Research in non-medicated high-risk populations also supports the notion that anhedonia is a core feature of vulnerability to schizophrenia. Furthermore, elevated anhedonia and abnormal neural reward processing have been reported in patients taking second generation antipsychotics with lower D 2 receptor affinities (e.g., (Horan et al., 2006b) ) and in unmedicated patients (Juckel et al., 2006; Zhang et al., 2001) . Nevertheless, the potential effects of antipsychotic medications on patients' reports of anhedonia cannot be definitively determined in the absence of random assignment to different treatment conditions. Despite this limitation, we believe the current findings provide critical evidence for the validity of PhysAnh, MagId and PerAb as vulnerability indicators.
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